Dihydropyrimidinone derivatives containing piperidine moiety were synthesised in a good yield. All the compounds were confirmed by elemental analysis and spectral data. Anti-ulcer activity of novel dihydropyrimidinone-piperidine hybrids (1-18) was evaluated. Among them, four compounds (3, 8, 11 and 15) were found to be most active in 80% ethanol-induced ulcer experimental animal model. All the potent compounds were further evaluated for anti-ulcer activity by different in vivo anti-ulcer models to study the effect of compounds on anti-secretory and cytoprotective activities. All the active compounds inhibited the formation of gastric ulcers and increased the formation of gastric mucin secretion. Compound 15 was found to be the most potent compound of the series as anti-ulcer agent. Additional experimental studies on lead compound 15 will result in a new class of orally active molecule for anti-ulcer activity.
Introduction
Peptic ulcer disease (PUD) is prevalent in large population of the world. The gastric mucosal ulcer, occurring from an imbalance between the gastro protective factors (e.g. prostaglandin, mucin, bicarbonate, blood supply and nitric oxide) and the aggressive factors (e.g. pepsin and gastric acid), presents in the gastric mucosa 1, 2 . The risk factors of getting PUD include Helicobacter pylori infection, frequent use of pain killer medication and stressinduced gastric mucosal lesions 3 . The anti-ulcer drugs act by decreasing the secretion of gastric acid and/or increasing the defence system by increasing the mucin secretion. The anti-secretory drugs include ranitidine, a histamine H 2 receptor antagonist; omeprazole, irreversible proton pump inhibitor and antacids. These drugs treat PUD by reducing or neutralising the gastric acid 4 . Drug tolerance has been reported during drug therapy of PUD by conventional drugs. Also, these drugs have serious side effects when used for a long time, which include hypergastrinemia, osteoporosis, development of carcinoids and increased risk of bacterial infection. Sucralfate is used for the treatment of gastric ulceration, but does not show good results for the ulceration caused by non-steroid anti-inflammatory drugs (NSAIDs) 5 . NSAIDs associated ulcers can be prevented by misoprostol (analogue of prostaglandin E 1 ), but is limited by abnormal side effects 6 . Therefore, there is a need for novel and potent anti-ulcer agents with improved safety profile.
Pyrimidines have played an important role in the field of medicinal chemistry 7 . Pyrimidines are important scaffold in medicinal chemistry, because of their potential biological activities such as anti-tumour, anti-viral and anti-bacterial [8] [9] [10] . Some of them have been used as potential anti-hypertensive agents. 4-Aryl-1,4-dihydropyridines like nifedipine was first introduced as antihypertensive in 1975. Dihydropyridines are the most effective calcium channel blockers used for various cardiovascular diseases 11 . Anti-ulcer activities have been reported for several calcium channel blockers including nifedipine 12 . It is thus assumed that structural analogues of nifedipine may possess anti-ulcer potential. Dihydropyrimidines, popularly known as Biginelli's compounds, are associated with broad spectrum of biological activities 13, 14 . Derivatives of dihydropyrimidine have been reported to possess potent anti-ulcer and anti-secretory activity 15, 16 . Piperidine is an organic compound with the molecular formula (CH 2 ) 5 NH. This heterocyclic amine consists of a six-membered ring. Piperidine is an important pharmacophore in the field of medicinal chemistry. It is reported to have various pharmacological activities [17] [18] [19] [20] . Piperidine derivatives are also reported to have antisecretory and anti-ulcer activity 21, 22 . The literature study revealed that compounds containing these two important moieties (dihydropyrimidinone and piperidine) may have potential for the treatment of PUD. Hybrid approach, in the drug design, involves the addition two different pharmacophoric moieties to produce hybrid molecules with improved efficacy. In the present study, a series of novel dihydropyrimidinone and piperidine scaffold hybrids were synthesised, characterised by spectral data and screened for their gastric anti-ulcer activity in several in vivo ulcer models.
spectrophotometer was used for performing FTIR. Gallenkamp melting point apparatus was used for performing melting points, which was uncorrected. Bruker NMR 500 MHz and 125 MHz spectrophotometer were used for 1 H and 13 C NMR. All the samples were processed in DMSO-d 6 with tetramethylsilane as an internal standard. Molecular masses of all the compounds were measured by mass spectroscopy. CHN Elementar (Analysensysteme GmbH, Germany) was used for the elemental analysis of the compounds. The X-ray diffraction measurements were made using Bruker (2009 General synthesis of 4-(substituted phenyl)-5-[4-(piperidin-1-yl) benzoyl]-3,4-dihydropyrimidin-2(1H)-one (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . A mixture of enaminone (III) (0.01 mol), differently substituted benzaldehyde (0.01 mol), urea (0.01 mol) and glacial acetic acid (10 ml), was refluxed for 3 h. The precipitates (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) were obtained by pouring the reaction mixture into the ice-cold water. The products were obtained by filtration under vacuum. The products were washed several times with water. The obtained products were recrystallised from glacial acetic acid. þ ; analysis for C 22 H 23 N 3 O 3 : C (70.01) H (6.14) N (11.13)%; found C (70.24) H (6.14) N (11.10)%. In vivo anti-ulcer activity
Evaluation of anti-ulcer activity and gastric secretion in rats
Albino Wistar rats, weighing (150-200 g), were obtained from the animal house of College of Pharmacy, King Saud University (Riyadh, Saudi Arabia). All the animals were kept in laboratory conditions for 1 week, so that they will get acclimatised. The animals were randomly divided into groups of six rats each. Compounds (1-18) were given orally or intraperitoneally. The stomachs were removed after the rats were sacrificed and opened along the greater curvature. The animal protocol used in this study was approved by the Research Ethics Committee of College of Pharmacy, King Saud University.
Gastric lesions induced by ethanol
Albino Wistar rats, weighing (150-200 g), were divided into different groups. Animals were administered test drugs or standard drug. After 1 h, 1 ml of 80% ethanol was administered orally to each animal 23 .
Gastric lesions induced by necrotising agents (cytoprotection)
Necrotising agent, 1 ml each (80% ethanol, 0.2 mol/l NaOH or 25% NaCl), was administered to animals. Compounds (3, 8, 11 and 15) were given half an hour prior to the administration of necrotising agents. The animals were sacrificed and examined for stomach ulcers after 1 h of the administration of necrotising agents.
Gastric lesions induced by indomethacin
Suspension of indomethacin in 1.0% of carboxymethylcellulose (CMC) in water (6 mg/ml) at a dose of (30 mg/kg) body weight was administered orally. Control rats were treated with vehicle. Compounds (3, 8, 11 and 15) were given half an hour prior to indomethacin administration at a dose of 12.5, 25 and 50 mg/kg 24 .
Hypothermic restraint stress-induced ulcers
Thirty minutes after the oral administration of compounds (3, 8, 11 , and 15), 12.5, 25 and 50 mg/kg of the rats were restrained in cages and kept inside a refrigerator for 3 h 25 .
Pylorus-ligated rats
Pylorus ligation under ether anaesthesia was carried out. Intraperitoneal administration of compounds (3, 8, 11 and 15) was performed immediately after pylorus ligation. After 6 h, animals were sacrificed 26 .
Determination of gastric wall mucus (GWM)
GWM was performed according to the modified procedure 27 .
Estimation of non-protein sulfhydryls (NP-SH) MDA and total protein (TP)
Gastric mucosal non-protein sulfhydryls, MDA and TP were measured according to the reported method 28 .
Determination of LD 50
The Karber method was used for the LD 50 determination of most active compounds 29 .
Histopathological evaluation
Histopathological examination of gastric tissue was performed to study the anti-ulcer activity of compounds (3, 8, 11 and 15). 30 . Aromatic protons were found around d 6.91-7.78 ppm. The enaminone (III) existed in the E-configuration. A single crystal X-ray structure also confirmed the 3D structure of enaminone (III) (Figure 1) .
Results and discussions
A reaction mixture of substituted benzaldehyde (0.01 mol), enaminone, 3-(dimethylamino)-1-[4-(piperidin-1-yl) phenyl] prop-2-en-1-one (III) (0.01 mol), urea (0.01 mol) and glacial acetic acid (10 ml) was refluxed for 3 h. The products were obtained by pouring the reaction mixture in cold water. The precipitates (1-18) thus formed were collected by vacuum filtration. The products were washed several times with cold water. Re-crystallisation of products was performed in glacial acetic acid. All of the compounds presented the D 2 O exchangeable broad singlet at d 6.97-7.31 ppm and d 9.07-9.67 ppm corresponding to the two NH protons. Eight protons (4 Â CH 2 ) of piperidine moiety were observed at d 1.54-1.57 ppm. Two other piperidine protons were observed at d 2.70-3.44 and d 2.80-3.48 ppm 31 . The H-4 and ¼ CH protons of dihydropyrimidinone moiety were observed at d 5.37-6.11 and 7.45-8.21 ppm, respectively. The presence of all carbon atoms for compounds was confirmed by 13 C NMR spectra. The CH 2 carbons of piperidine were obtained at around d 24, 25, 48 and 53 ppm. The carbonyl group (C ¼ O) peak was observed at around 190. Molecular weight of compounds was confirmed by mass spectra. All the compounds gave molecular ion peak respective to their molecular weights. The detailed spectral results of 1 H NMR, 13 C NMR spectra and mass spectra are given in the experimental part. The spectral and analytical data confirmed the composition of the synthesised compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The single crystal X-ray structure confirms the 3D structure of dihydropyrimidinone derivative 13 (Figure 2 ).
Biological activity in vivo
In our first phase study, we screened all the synthesised compounds (1-18) at graded doses (12.5, 25 and 50 mg/kg, p.o.) in 80%
ethanol induced gastric ulcer model with ranitidine (50 mg/kg, p.o.) as reference drug. The screening results are summarised in Table 1 . Among the synthesised compounds, 3, 8, 11 and 15 exhibited significant protection. It gives us the impetus to further explore their anti-ulcer effects in different anti-ulcer models.
The animals were treated with 80% ethanol, 0.2 mol/l NaOH and 25% NaCl, which resulted in gastric lesions in the stomach in all the control animals. The ulcer index in 80% ethanol, 0.2 mol/l NaOH and 25% NaCl was 7.66 ± 0.21, 7.33 ± 0.21 and 6.83 ± 0.30, respectively, in the control animals after the 1-h administration of necrotising agents. Pre-treatment of animals with compounds 3, 8, 11 and 15 at doses of 12.5, 25, 50 mg/kg produced significant results. Compound 15 (50 mg/kg) was found to be most active as anti-ulcer agent with ulcer index in 80% ethanol, 0.2 mol/l NaOH and 25% NaCl as 2.16 ± 0.30, 1.33 ± 0.42 and 1.66 ± 0.33, p < 0.001, respectively (Table 2) . NSAIDs are considered to be responsible for peptic ulcer in humans due to suppression of PGE 2 biosynthesis and depletion of mucus. The administration of indomethacin (30 mg/kg) orally induced gastric damage of animals. The compounds 3, 8, 11 and 15 presented significant results especially compounds 3 and 15 with ulcer index of 12.66 and 14.50 respectively, which provides a proof, regarding the cytoprotective nature of these compounds. Compound 3 was found to be most active anti-ulcer agent in this test (Table 3) .
Ulcer formation by hypothermic restraint stress was inhibited significantly by compounds 3 and 15 at the dose of 50 mg/kg. However, compound 15 was found to be most effective at dose of 50 mg/kg with intraluminal bleeding and gastric lesion ulcer index of 1.33 ± 0.33 and 12.33 ± 0.84, respectively. Compound 3 was observed to show similar activity as compound 15 at the same dose of 50 mg/kg (Table 4 ).
In the experiment of pylorus ligation, a large amount of gastric acid secretion were obtained (11.23 ± 0.18 ml), titratable acidity was found to be 173.88 ± 5.12 mEq/l and ulcer index was recorded as 3.33 ± 0.21 in the control group. Compounds 3 and 15 significantly reduced the gastric secretion, titratable acidity and ulcer index at the dose dependent manner. Compound 15 at the dose of 50 mg/kg was found to be most effective in reducing gastric secretion, titratable acidity and ulcer index formation 4.76 ± 0.23 ml, 73.33 ± 2.43 mEq/l and 1.00 ± 0.36 respectively as compared to the standard drug ranitidine (Table 5 ). Six rats were used in each group.
The administration of ethanol induced a significant damage to the mucosa. Treatment with 80% ethanol resulted in gastric mucosal ulceration (Figure 3(A) ), ranitidine pre-treatment showed the normal gastric mucosa (Figure 3(B) ), compound 3 (50 mg/kg) pre--treatment presented intact mucosa with mild ulceration (Figure  3(C) ), pre-treatment with compounds 8, 11 and 15 (50 mg/kg) each showed intact normal gastric mucosa (Figure 3(D-F) ).
There is a significant reduction in the Alcian blue binding of gastric mucus (201 ± 8.32 mg/g) of tissue in animals treated with 80% ethanol as compared to control group (276.53 ± 10.19 mg/g). Pre-treatment of animals with compounds 3, 8, 11 and 15 at different doses produced dose dependent effects. Compounds 3 and 15 were found to be most effective. Compound 15 at the dose of (50 mg/kg) significantly enhances the Alician blue binding capacity of gastric mucosa (275.32 ± 5.37 mg/g), p < 0.001 (Table 6 ).
The glycogen level of the control and the pre-treated animal were also checked using the Periodic acid-Schiff (PAS). The ulcers induced by ethanol causes extensive gastric mucosal injury. Moreover, they exhibit haemorrhagic and necrotic lesions, which infiltrate into the mucosa and cause oedema and leukocyte infiltration. However, the pre-treatment with compounds 3, 8, 11 and 15 resulting in expansion of mucus gel layer that with continuous PAS-positive that lines the gastric mucosal surface (Figure 4) . The magenta staining colour is exhibited with the compounds 3, 8, 11 and 15 pre-treated groups. The tissue has a normal glandular pattern and mild leucocyte infiltration. On the other hand, the gastric specimen from the control did not exhibit the magenta staining colour. As shown in Figure 4(A) , the ethanol-induced ulcer exhibits pervasive injury to the gastric mucosa. The pre-treatment with ranitidine protects the gastric mucosa (Figure 4(B) ). The compounds 3, 8, 11 and 15 pretreated rats exhibited a significant decrease in ulcer index and less mucosal damage (Figure 4(C-F) ). These results clearly indicate that compounds 3, 8, 11 and 15 have gastro-protective activity. Mucus production by gastric mucosa increased gradually in the experimental rats pre-treated with compounds 3, 8, 11 and 15. Gastric mucus plays a crucial role in gastro-protection. The pre-treatment with compounds 3, 8, 11 and 15 significantly augmented the gastro-protective activity, with enhancement of the free mucus when compared to the mucus of ulcer control animals. Thus, compounds 3, 8, 11 and 15 have gastro-protective activity against ethanol induced gastric ulcer by improving mucosal content. MDA levels in the gastric mucosa were significantly increased in ethanol only treated then in control group (7.42 ± 0.30 nmol/g; 1.14 ± 0.06 nmol/g). Compounds 15 (50 mg/kg) significantly reduced the MDA content (1.90 ± 0.06 nmol/g). Similar results were obtained for compound 3. The NP-SH level in control group was found to be 5.03 ± 0.10 nmol/g of tissue, which was significantly reduced to 3.22 ± 0.20 nmol/g of tissue following the 80% ethanol administration. Pre-treatment of animals with compounds 3, 8, 11 and 15 significantly replenished the ethanol induced depletion of NP-SH. Compounds 3 and 15 at the dose of 50 mg/kg produced highly significant results 4.56 ± 0.17 and 4.92 ± 0.30, respectively, higher than the standard drug ranitidine (4.24 ± 0.15). The level of TP in the gastric mucosa of control group was 122.55 ± 3.23 g/l, which was significantly decreased to 47.50 ± 2.08 g/l following 80% ethanol administration. Pre-treatment of animals with tested compounds significantly improved the levels of TP. Compounds 15 and 3 at the dose of 50 mg/kg produced significant results (96.60 ± 1.18 g/ml and 95.80 ± 1.51 g/ ml), respectively, in comparison to the standard drug ranitidine (104.59 ± 1.59 g/ml) ( Table 7) .
Toxicity of compounds
Karber method was used to determine the LD 50 of compounds 3, 8 and 15. A 24-h observation was made for the toxicity symptoms and mortality. The dead animals were counted at the end of the study and the LD 100 was calculated. The LD 50 of compounds 3, 8 and 15 were found to be 125, 55.5 and 116.5 mg/kg, respectively (Table 8 ).
Structure activity relationship (SAR)
The design of new compounds was based on hybrid approach. A series of compounds containing dihydropyrimidinone and piperidine were synthesised and screened for anti-ulcer activity. Structural modifications were done not only to obtain derivatives with higher activity, but also to collect data regarding SAR. We showed that the presences of pharmacophores (dihydropyrimidinone and piperidine) are both essential for the activity.
and 15 (R ¼ 2,3,4-trimethoxyphenyl) substitutions were found to be most active compounds of the series.
Conclusion
A series of novel dihydropyrimidinone and piperidine scaffold hybrids were synthesised, characterised by spectral data and screened for their anti-ulcer activity in several in vivo ulcer models. The newly synthesised hybrids displayed significant gastro protective effect by inhibiting the formation of ulcers induced by 80% ethanol. Four compounds 3, 8, 11 and 15 were found to most potent compounds of the series. These compounds were further evaluated for anti-ulcer activity by different in vivo anti-ulcer models in animals. The anti-ulcer action of the active compounds appears to be due to both anti-secretary and gastro protective effect. The gastro protective action was mainly due to secretion of mucus. Compound 15 was found to be highly potent compounds of the series. Additional studies on lead compound 15 will result in a new orally active candidate.
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